Introduction. Physician decisions drive most of the increases in health care expenditures, yet virtually no published literature has sought to understand the types of evidence used by physicians as they make decisions in real time. Methods. Ten pediatric cardiologists recorded every clinically significant decision made during procedures, test interpretation, or delivery of inpatient and outpatient care during 5 full days and 5 half days of care delivery. The basis for each decision was assigned to one of 10 predetermined categories, ranging from arbitrary and anecdotal, to various qualities of published studies, to parental preference and avoiding a lawsuit. Results. During the 7.5 days, 1188 decisions (158/day) were made. Almost 80% of decisions were deemed by the physicians to have no basis in any prior published data and fewer than 3% of decisions were based on a study specific to the question at hand. Conclusions. In this pilot study, physicians were unable to cite a formal evidence source for most of their real-time clinical decision making, including those that consumed medical resources. Novel approaches to building an evidence base produced from real-time clinical decisions may be essential for health care reform based on data.
Introduction
E very day, physicians make real-time decisions to order tests, medications, procedures, hospital admissions, and clinic visits. These decisions fuel the large majority of US health care expenditures, contributing to utilization of unnecessary tests and ineffective treatments. They can also be integral to learning and medical innovation, especially in treatment of unusual diseases with limited treatment options. Yet virtually no published literature has sought to understand the types of evidence used by physicians in their real-time clinical decision making. In this pilot study, we explored two questions: how many clinically significant decisions does a single busy subspecialist make in a given day, and what forms the basis for those decisions? Our study subjects were pediatric cardiologistssubspecialists caring for patients with uncommon diseases using expensive diagnostic testing and therapeutic procedures 1 in a field that has witnessed extraordinary advances in effectiveness.
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Methods
Data Collection
Ten faculty pediatric cardiologists across several clinical settings either self-recorded or reported to a trainee functioning as scribe (JD) every clinically important decision made during a half-or fullday session. Decisions were defined as clinically important when they (1) had direct clinical relevance to the patient and (2) could be the subject of a research study. Standard actions that were a necessary part of care, such as measuring a blood pressure, were not considered decisions. However, we included decisions to select one of multiple options, e.g., choice of sheath size, or divergence from formulaic care, e.g., measuring 4-extremity blood pressures for suspected aortic coarctation. Decisions "not" to order a test or a medication, if consciously considered, were also included. The basis for each decision was classified by the selfreporting physician into one of 10 categories, predefined by the study authors (Table 1) . When published studies were cited as the basis for a decision, the self-reporting physician categorized the study into definitions 6, 7, or 8 according to its content and quality. The physicians could cite a published study only if it was specifically recalled. Decisions based on guidelines were classified according to the evidence upon which the guideline recommendations were based. The basis for a single decision could involve more than one category; in these cases, the basis of the decision was divided equally. For example, each category was given a weight of 0.5 if attributed equally to two categories. Physicians were instructed on the category definitions with use of a written algorithm and one-on-one instruction (JD). Responses were evaluated by a single reviewer (JD) to promote consistency. All reported decisions met the study definition of "clinically important," i.e., none were excluded post hoc. Inconsistencies noted by the reviewer, such as two decisions that seemed similar but were classified differently by the same physician, were sent back to the physician for adjudication; the reviewer could not recode the basis of a decision independently. Fewer than 3% of all decisions were sent for adjudication and 1.5% of the total decisions were reclassified.
Data Analysis
Summary statistics described every decision from all 10 cardiologists. We described clinically significant decisions made during three types of activities: (1) intraprocedural "technical" decisions made during cardiac catheterizations or invasive electrophysiology studies, e.g., the choice of a particular catheter or balloon size; (2) nonprocedural direct care decisions, including ordering a test, arranging for follow up, or starting or changing a medication; and (3) diagnostic test interpretation, usually involving image interpretation rather than assessment of a numerical value. We also described real-time decisions as a function of physician academic rank and years of experience. We did not perform tests of statistical significance.
Results
Ten physicians contributed a total of 1188 decisions, recorded over 7.5 days (a full day of clinical work for five clinicians, and a half day of clinical work for five clinicians), for a mean of 158 decisions per day. The physicians included 1 instructor, 3 assistant professors, 2 associate professors, and 4 full professors. The median duration between graduation from fellowship and completion of this exercise was 22.5 years (range 4-30 years). Altogether, the 10 physicians had accrued 185 years of faculty experience and 1117 peerreviewed publications. Of all decisions recorded (Table 2) , more than one-third were attributed to experience or personal anecdote, the most common basis for a decision. The next four most common categories (arbitrary/instinct, trained to do it, first principles, and general study) ranged from 12.3% to 14.7%. The final five categories (limited study, specific study, parental preference, research, and lawsuit avoidance) together accounted for only 9% of the total decisions made. Few decisions were made to avoid a lawsuit, for 3 Experience/anecdote: based on a memory of one or more cases; if specific cases cannot be recalled, the decision may be arbitrary. 4 Trained to do it: taught by a more senior or experienced colleague. 5 First principles: things we know to be true, physiology based. 6 Limited study: case reports, small series. 7 General studies: can be related to the question at hand. 8 Specific studies: expressly addresses the question at hand. 9 For research: anything done primarily out of curiosity or to learn something about the patient or the disease. 10 Parental preference: an otherwise arbitrary decision that is swayed by parent input.
parental preference, or for research purposes (0.2%, 0.5%, and 0.3%, respectively).
Physicians interpreting diagnostic tests or performing procedures made more decisions than those evaluating patients. In one half day of echocardiogram review, more than 200 decisions were made; during the course of a single 4-hour catheterization procedure, 124 decisions were made but fewer than 150 decisions were made during a full-day clinic. Physicians performing catheterizations or electrophysiological procedures based 46% of their decisions on experience/ anecdote, 20% on arbitrary/instinct, and 17% on their previous training. Notably, published research studies of any kind (limited, general, or specific) formed the basis for only 5.5% of decisions during invasive procedures. Physicians providing nonprocedural, direct patient care had a similar distribution of sources for their decisions, except that published studies played a larger role (19%). The basis for decisions in interpretation of diagnostic tests deviated substantially from those of the previous two subgroups of physicians. Whereas experience/anecdote remained the most commonly cited reason for a decision, published research studies of various types combined were cited as the basis for the majority (52.5%) of cases. Even in this subgroup, a study specific to the decision at hand was cited in only 2.7% of cases.
Finally, we explored the relationship of academic rank and experience to decision making. Senior physicians were more likely to attribute a decision to specific experience or anecdote (41% vs. 26%), and less likely to attribute a decision to "taught to do it" (9% vs. 29%). In this small series, faculty seniority did not appear to have an influence on the frequency of the other categories on which decisions could be based.
Discussion
Despite the importance of physicians in determining medical care expenditures, we are unaware of previous literature that approaches real-time decision making about resource utilization from their vantage point. In this pilot study, pediatric cardiologists classified the foundation for decisions that they made in the course of their daily practices. We found that, in the real-world practice of academic pediatric cardiology, only a small fraction of the 1188 decisions were attributed to high-quality relevant published studies. 5 Indeed, only one in five decisions were believed by the deciding physician to have some basis in a research publication, and only 3% were specific to the question at hand. The lack of a specific research basis for most clinical decisions in this field must be viewed in the context of the progress that has nonetheless been made.
Despite the paucity of single-or multicenter prospective studies in pediatric cardiovascular disease, mortality for critical congenital heart disease fell by almost 40% between 1979 and 1997, 2 and adults with congenital heart disease now outnumber children. 6 This dramatic progress supports the hypothesis that much, perhaps most, of medical innovation and learning occurs in the absence of a formal evidence base built on randomized clinical trials or well-designed prospective cohort studies.
Early estimates of the proportion of medical practice based upon scientific evidence were as low as 10% 7 to 21%. 8 In a landmark study, Ellis and colleagues scrutinized the primary diagnosis and treatments administered to 109 inpatients on a general medical team and retrospectively reviewed the evidence base for primary interventions. 5 They found that 53% of interventions could be defended by data from randomized clinical trials and 29% by convincing nonexperimental evidence, defined as having face validity so great that randomized trials were felt to be unnecessary and/or unethical; the remainder were based upon no substantial evidence. In other medical fields, estimates of the percentage of interventions based on randomized controlled trials have ranged from 11% for pediatric surgical interventions 9 to 31% each for pediatric inpatients 10 and general medical consultations, 11 to 65% for psychiatric inpatients. 12 All of these studies were performed retrospectively, actively sought corroborative data as opposed to conflicting data, and included only decisions surrounding primary interventions. In contrast, we studied real-time decision making prospectively, we included all decisions, counting those that consumed resources, and we focused on the decision-making physicians' perceptions of the evidence base for their choices.
This pilot study should be viewed in light of its clear limitations. The small number of physicians who participated in this study practiced at a single center and in a single specialty, limiting generalizability. Because physicians were required to recall a specific study to classify a decision as being based upon research, this study may have underestimated the role that previous research played in medical decisions. We did not search the literature to ascertain how often an evidence base for deciCongenit Heart Dis. 2010;5:339-342 sions existed when the self-reporting physicians could not recall it. Conversely, we did not assess whether a recalled research study actually pertained to or supported the decision at hand. Furthermore, the classification of a study (i.e., limited, general, or specific) that prompted a decision was determined solely by the self-reporting physician. Participation in this study may, itself, have altered decision-making patterns. The use of a scribe to record procedural decisions, but not nonprocedural care or test interpretation, may have introduced bias. The distinctions between "arbitrary/ instinct," "experience/anecdote," and "taught to do it" are imprecise. Decisions "not" to do something were almost certainly underrecognized by self-reporting physicians. Our study did not explore mechanisms for influencing physician decision-making, such as pay-for-performance. Finally, the study design did not permit us to assess whether decisions were, in fact, optimal.
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Conclusion
We found that despite considerable progress in the field of pediatric cardiology, physicians were unable to cite a formal evidence source for most of their clinical decision making. Our pilot study highlights several important unanswered questions: Which types of problem in clinical medicine require a "study" and which can be left to "emerge" from experience? As policy makers focus on comparative effectiveness as a way to generate more value from health care spending, what "counts" as evidence is critically important. Whether ideal or not, many, if not most, decisions in clinical medicine do not depend on the results of formally gathered data. Novel approaches to building an evidence base that harnesses the rich information produced in real-time clinical experience may turn out to be an essential complement to clinical trials and classic cohort studies.
